In this work, we consider the canonical charmonium assignments for Y (4360) 
I. INTRODUCTION
In the last five years we have witnessed a revival of interest in charm spectroscopy, the Bfactories( Babar and Belle ) and other machines have reported a large number of new states with hidden charm: h c (1P) [1] , η c (2S) [2] , X(3872) [3] , X(3940) [4] , Y(3940) [5] , Z(3930) [6] and Y(4260) [7] . Some of them can be understood as cc states, while a conventional assignments for some are elusive( for a recent review, see, e.g. [8] ). These discoveries are enriching and also challenging our knowledge for the hadron spectroscopy, and the underlining theory for strong interactions.
Recently the Belle collaboration has observed two charmonium-like states Y(4360) and Y(4660) in e + e − → π + π − ψ(2S) via initial state radiation [9] . The mass of Y (4360) [11] .
In order to understand the structure of Y (4360) The quark potential models have successfully described the charmonium spectrum, which generally assumes shorted-ranged color coulomb interaction and long-ranged linear scalar confining interaction plus spin dependent part coming from one gluon exchange and the confining interaction.The potental model is closely related to QCD, which can be derived from the QCD effective field theory [13, 14] . Here we shall use the simple nonrelativistic potential model proposed by T.Barnes and S.Godfrey and E.S.Swanson [15] , the zeroth-order
Hamiltonian is,
whereδ σ (r) = (σ/ √ π) 3 e −σ 2 r 2 , which is a gaussian-smeared hyperfine interaction. Solution of the Schrödinger equation with the above H 0 gives our zeroth order charmonium wavefunctions. The splitting within the multiplets is then determined by taking the matrix element of the spin-dependent Hamiltonian H sd between these zeroth-order wavefunctions.
The spin-dependent Hamiltonian is taken from the one-gluon-exchange Breit-Fermi Hamiltonian (which gives spin-orbit and tensor terms) and an inverted spin-orbit term, which follows from the assumption of a Lorentz scalar confining interaction. The H sd is as follows,
This simple potential model consists of four parameters: the strong coupling constant α s which is taken to be a constant for simplicity, the string tension b, the charm quark mass m c , and the hyperfine interaction smearing parameter σ. Fitting the masses of the 11 reasonably well established experimental charmonium states, the values of these four parameters are already fixed as follows: α s = 0.5461, b = 0.1425GeV 2 , m c = 1.4794GeV and σ = 1.0946GeV [15] . Solving the Schrödinger equation with the zeroth-order Hamiltonian H 0 numerically by the Mathematica program [16] and treating the spin-dependent terms H sd as mass shifts by the leading order perturbation, we obtain the masses and wavefuntions of the canonical cc states. The masses of 3
3 S 1 and 6 3 S 1 are predicted as,
Comparing with the masses of Y (4360) The decay of quarkonium state into a lepton pair proceeds via a single virtual photon, as long as the mass of the initial quarkonim is sufficiently small that the contribution of a virtual Z can be ignored. The leptonic partial decay widths probe the compactness of the quarkonium system, and they provide useful information about the wavefunctions of the 1 −− quarkonium states. The leptonic width of n 3 S 1 charmonium is given by [17, 18] ,
where e c = 2/3 is the charm quark electric charge, M n is the mass of the n 3 S 1 state, and the second term is the QCD correction. ψ n (0) is the n 3 S 1 wavefunction at the origin, and the radial wavefunction is normalized according to
At the leading order, the width of D-wave cc states to e + e − is proportional to |ψ
which is generally smaller than the corresponding widths of the n Table I , where we choose α s ≈ 0.23 [12] . 
The numbers in the bracket are the results corresponding to the solution II fit by the Belle collaboration. Generally we expect the branch fraction for cc(3 Radiative decay of higher-mass charmonium states is an important way to produce lower charmonium states, and it plays significant role in charmonium physics. By means of the radiative transitions one can probe the internal charge structure of hadrons, hence it is useful for determining the quantum numbers and hadronic structures of heavy quark mesons.
The radiative transition amplitude is determined by the matrix element of the EM current between the initial quarkonium state i and the final state f , i.e., f |j µ em |i . Expanding in powers of photon momentum generates the electric and magnetic multipole moments, the leading order transition amplitudes are electric dipole (E1) transion or magnetic dipole (M1) transition. They are quite straightforward to be evaluated in the potential model.
E1 transitions
The partial width for E1 transitions between states n 2S+1 L J and n ′ 2S ′ +1 L ′ J ′ cc state in the nonrelativistic quark model is given by [19, 20, 21, 22] ,
where E γ is the photon energy, E f is the energy of final state n ′ 2S ′ +1 L ′ J ′ , and M i is the mass of the initial state n 2S+1 L J . We have included the relativistic phase factor
, and the statistical factor S f i is
The matrix element n Table II-Table V, 
which is the spin-averaged mass of the 3 P J χ J states.
From Table II and Table III state. The radiative widths to the unknow 3P and 2P triplet states χ 0 (3
are theoretically large, so the radiative decays of Y(4360) can be used to produce these states. Since the structures of both X(3940) and Y(3940) are still unclear, they possibly belong to the 2 3 P J multiplet [4, 5] . Consequently the E1 transitions of
are especially of interests, which maybe helpful to clarifying the issue of X(3940) and Y(3940).
Next we consider the E1 transition of Y(4660) as a 5 3 S 1 cc state. As is shown evidently in Table IV and Table V , the strong suppression of Y(4660) E1 decays to n 3 P J (n=1,2,3) states are predicted. The radiative width to 4 3 P J multiplet is large, which can provide access to the spin-triplet members of 4P multiplet.
M1 transitions
M1 transitions flip the quark spin, and M1 transitions are generally suppressed relative to the E1 transitions, and it has been observed in the charmonium system. M1 transition between different radial multiplets are only nonzero due to the small relativistic corrections to a vanishing lowest order M1 transition matrix element, therefore there may be serious inaccuracy in some channels. Analogous to the E1 transitions in the previous subsection, the M1 transitions width is given by [19, 20, 21, 22 ]
where the meaning of the notations is the same as that in the E1 transition case. The above formula has included the recoil factor j 0 (E γ r/2) with j 0 (x) = sin x/x. Using the wavefunctions of nonrelativistic potential model in Sec.II, the M1 transitions width both with and without the recoil factor are calculated straightforwardly, theoretical predictions with the corresponding photon energies are shown in Table VI-Table IX Although Open flavor decays are poorly understood from the QCD dynamics so far, a number of phenomenological models have been proposed to deal with this issue, the most popular are the 3 P 0 model (quark pair creation model) [23, 24, 25, 26] , the flux tube model [27, 28] and the Cornell model [19, 20] . In the flux-tube model, a meson consists of a quark and antiquark connected by a tube of chromoelectric flux, which is treated as a vibrating string.
For conventional mesons the string is in its vibrational ground state. The flux-tube breaking decay model [28] is similar to the 3 P 0 model, but extends it by including the dynamics of the flux tubes. This is done by considering the overlap of the flux tube of the initial meson with those of the two outgoing mesons. Ref. [28, 34] . Previous attempts on exploring the charmonium strong decay in 3 P 0 model, flux tube model and Cornell model suggest that the typical error of the partial width predictions is 30%, and can reach factors of 2 or even 3.
In the rest frame of A, the decay amplitude for an initial meson A into two final mesons B and C is,
where both the flavor and spin overlap have been omitted in the above amplitude, and γ(r A , y) is the flux-tube overlap function, which measures the spatial dependence of the pair creation amplitude. y is the pair creation position, r A , r B and r C are respectively the quarkantiquark axes of A, B, and C mesons, they are related by r B = r A /2 + y, r C = r A /2 − y.
The initial quark(antiquark) in A is of mass M with m the mass of the created quark pair.
For charmonium decay concerned here, M = m c , m = m q (q=u,d,s). When the flux tube is in its ground states (conventional mesons), the flux-tube overlap function is [28] γ(r A , y) = A 0 00
As usual, we take the string tension b = 0. Belle results [35] , and if not available, the estimated mass motivated by the spectroscopy predictions are used [36] . These masses are M(D) = 1.8694GeV, M(D * ) = 2.0078GeV, 
Little is known about the 3 P 1 -1 P 1 mixing angle θ at present, however, in the heavy quark limit, the mixing angle is predicted to be −54.7 o or 35.3 o if the expectation of heavy quark spin-orbit interaction is positive or negative [37, 38] . Since the former implies that the 2 + state mass is larger than the 0 + state mass, and this agrees with experiment, we assume θ = −54.7 o in the following. We note that generally finite quark mass will modify this mixing angle, and we can extract how large the mixing angle is by studying the dependence of the strong decay amplitudes on the mixing angle θ.
When we calculate the decay widths from the amplitudes, there are ambiguities around the choice of phase space. The first choice is the fully relativistic phase space(RPS), which leads to a factor of
in the final expression for the width in the center of mass frame, where E B and E C are respectively the energies of mesons B and C, and M A is the mass of meson A. The second choice is fully non-relativistic phase space(NRPS), then the energy factor is replaced by
, which is smaller than the relativistic phase space. A third possibility employed by Kokoski and Isgur, is the "mock meson" method, they suggest that the energy factor should be
, where M i (i=A,B,C) is the "mock meson" mass, which are the calculated masses of the meson i in the spin-independent quark-antiquark potential [28] .
In practice, the numerical result is little different from the relativistic phase space except for the pseudoscalar goldstone bosons involved in the final states. Therefore we shall give are shown in Table X -Table XVII . We shall discuss some interesting and characteristic aspects about the strong decays of Y(4360) and Y(4660).
A. Discussions about Y(4360) strong decay
From = − √ 5, and M F2 is predicted to be dominant, whereas it is zero for a S-wave charmonium decay. Measuring the relative branching ratio experimentally can determine whether Y(4360) is D-wave charmonium or S-wave charmoium. In addition, we find the following relation,
Therefore for the heavy mixing angle θ = −54.7 o , we have the following relations, 
B. Discussions about Y(4660) strong decay
Since the mass of Y (4660) It is interesting to note that the flux tube model predicts the following relations between amplitudes,
then the following interesting relation appears,
The above two relations are independent of the 3 P 1 − 1 P 1 mixing angle θ. For the heavy quark mixing angle θ = −54.7 o , we have the following relations,
The amplitudes are predicted to be zero, whereas it is non-zero for a D-wave cc state decay.
The ratios of the three D-wave amplitudes is M D1 : M D2 : M D3 = 1 :
: −4 
